Provision of healthcare at a distance is not a new concept. However, with the advancement of Information and Communication Technologies (ICT), the term "Telehealth" has been cited frequently in the health/medical literature. Similar terms such as "Online Health", "eHealth" and Telemedicine" are also begining to appear. The purpose of this article is to provide readers with an understanding of telehealth with special reference to Sri Lanka. First, different terms and definitions related to telehealth will be reviewed. Then, the history of telehealth and evolutionary milestones of telecommunication activities will be examined. Next, telecommunication activities in Sri Lanka and its trend will be explored. Later, telehealth effectiveness will be examined briefly. Finally, a brief overview of telehealth activities related to Sri Lanka will be presented before suggesting a way forward.
Introduction
Telehealth is the delivery of healthcare at a distance using telecommunication technologies. Loane and Wootton introduced telehealth as "not a technology per se, but rather a technique for delivering care when individuals are located in different places" (1) . There are number of related terms, such as eHealth, onlineHealth, and mHealth which are used interchangeably with the term telehealth, although they all have specific meanings. The prefix, tele means "at a distance". When healthcare is delivered at a distance, it is called tele-healthcare or telehealth.
Similarly, if a term begins with the prefix e, this implies that information is communicated in an electronic form (e.g., ehealthcare or ehealth). Likewise, communication that occurs over the Internet is referred to as online-health. It is interesting to note that although there is a technical difference between online (which refers to real-time) and offline (which refers to store-and-forward) communication, the term online health often encompasses the two forms. With recent advancements in mobile communication, the prefix m has come to denote health care delivered via mobile communication devices (e.g., m-health) (2) .
Alternatively, medical/health informatics is a very broad field which encompasses information science, computer science, and health care. Therefore, medical/health informatics tools include not only computers and communication systems but also clinical guidelines, processes and formal medical terminology. Despite being defined by different characteristics, the above terms are often used interchangeably.
Telehealth: history and evolution
It is interesting to note the incident of the invention of the telephone by Alexander Graham Bell. On the 10 th of March 1876, Alexander Graham Bell shouted to his assistant, "Watson! Come here! I need you.", after Sulphuric Acid spilled over his hand. This marked the birth of the telephone (Figure 1 ).
Figure 1. A sample of Alexander Graham Bell"s early telephone equipment
Although the first case of telemedicine was reported in the Lancet in 1897, when the telephone was used to diagnose a child with croup (3) , the history of telehealth may predate this even further. From the beginning of human communication, there is evidence to highlight the strong desires of people to communicate health related messages. For instance, the terms people use today to greet each other often include health related references. The English greetings, "How are you (doing)?" or "How do you do?", and the Sinhalese term Arubowan (which means wishing you a long life) are some examples (2) . In the past, a number of means have been utilised to communicate these messages over distances, including audio stimuli such as bells and visual aids (i.e. flags and fire). There are reports that the ships carrying the Plague (a bacterial disease transmitted through fleas) displayed coloured flags to indicate that other ships should keep their distance (4) .
The first telephone call made by Alexander Graham Bell when he called his assistant, was also a help-seeking call. It was meant to prevent a further accident/deterioration of Bell"s condition after sulphuric acid spilled over his hand. Therefore, by closely examining past and present examples of health related communication, it is apparent that there is a need for health related communication modes, such as telehealth.
The following table summarises the reported telecommunication and telehealth activities in chronological order. Table 2 shows the recent uptake of telecommunication technologies in Sri Lanka. Figure 2 shows the remarkable growth in cellular (mobile) subscriptions in Sri Lanka. 
ICT Initiatives
The Sri Lankan government has played a significant role in promoting the use of ICT in general to advance the economy. An e-government initiative was advocated in the mid-1990s. The e-Sri Lanka initiative is to "take the dividends of ICT to every village, to every citizen, to every business and also transform the way Government works". In addition the improvement of quality of care using ICT has also been identified as a priority area. Moreover, the Government of Sri Lanka (GOSL) had declared the year 2009 as the Year of English and IT (5) .
Although the GOSL is promoting ICT usage in general, there is a relative low level of ICT use in its healthcare practices. At a basic level, the Sri Lankan government is responsible for providing telephone and other ICT and network facilities to the hospitals. Very few wireless networks are provided by GOSL. One example is the "paging network" which is used to contact consultants in emergencies at the National Hospital in Sri Lanka (NHSL). However, it is limited to the Colombo area only. In addition, there is a dedicated phone number available to the public to call the NHSL Colombo. Generally, the use of the telephone by the public to communicate with hospitals is not common practice.
How effective is telehealth?
It is imperative to understand that the telehealth is not designed or expected to replace the present healthcare system. Rather it is used as an adjuvant, or more precisely, to be used as an alternative to provide health care more effectively. One would ask how can one know that telehealth is effective or not?. A common approach taken to answer this question is by reviewing the effectiveness in terms of either clinical or economic effectiveness or both.
Evidence from Randomised Controlled Trials (RCT) is the gold standard in evaluating clinical effectiveness. The economic aspect can be evaluated by different means such as costminimization analysis, cost-effectiveness analysis, cost-utility analysis and cost-benefit analysis. The following section provides a brief overview of clinical and economic evaluation separately.
Clinical effectiveness
Evidence from RCTs for telehealth clinical effectiveness is emerging. However, review of such studies has shown that evidence from properly conducted RCTs is still limited. For instance, most RCT studies were limited to either pilot projects or assessed only short-term outcomes while majority were of low quality (6) . In spite of this, some areas of telehealth has shown relatively convincing evidence. These include telepsychiatry, teleradiology, teleneurosurgery, transmission of echocardiographic images, and the use of electronic referrals enabling email consultations and video conferencing between primary and secondary health care providers. Out of the clinical specialities, telepsychiatry has been reported frequently as most telepsychiatry trials only needed to establish good communication channels between therapist and client whereas other clinical specialities may warrant devices other than just a communication channel (i.e. Telecardiology may need ECG/Echo images) (2) .
Economic aspects of telehealth
Although evidence is emerging about the cost effectiveness of telemedicine (7) , evidence to fully assess the economic impact of telemedicine is limited (8) . Methods for economic analyses also vary. Drummond and colleagues classified economic evaluation methods into three main areas viz. cost analysis, cost-effectiveness analysis and benefit-cost analysis (9) ,while Kernick identified a category called cost-utility analysis (10) . Table 3 classifies four types of formal economic evaluations. Table 3 . Types of economic evaluations adopted by Kernick (10) 
Form of Evaluation

Measurement and Valuation of Outcomes
Cost minimization Analysis
Outcomes are assumed to be equivalent. Focus of measurement is on costs. Not often relevant as outcomes are rarely equivalent. Cost-effectiveness analysis Natural units (e.g. life years gained, deaths prevented). This approach forms the bulk of published studies and will be of most relevance to practitioners.
Cost-utility analysis
Health state values based on individual preferences (e.g. quality adjusted life-years gained). This approach is gaining importance owing to the need to decide between different interventions at a national level and the importance placed on quality of life. Many methodological problems remain. Cost-benefit All outcomes are valued in monetary units (e.g. valuation of amount analysis willing to pay to prevent a death). Rarely used due to methodological problems in valuing all outcomes in monetary terms.
A simple "cost analysis" identifies the amount of resources used to deliver the services of a specific program and the associated opportunity costs. For instance, in cost minimization, the costs of a program are compared to the costs of alternative methods of service delivery assuming that both approaches result in similar outcomes. Table 4 summarises the key categories of telehealth programmes from various stakeholders" perspectives. Table 4 . Cost analysis components of telehealth-adapted from Davalos and colleagues (8) . Simple cost analysis has its own limitation of excluding the program outcomes from the analysis, thereby limiting decision power. In Cost-effectiveness analyses (CEA), the program outcomes (non-monetary outcomes) are taken into consideration and expressed as "cost per unit of outcome". Although this is superior to the cost analysis, often the analysis is limited to a single outcome.
Variable costs Other costs
The cost-utility analysis compares the costs of different procedures with their outcomes. The outcomes are measured in utility based "units" and the units are related to a person"s level of well-being. The most commonly used unit is the quality adjusted life year (QALY) which is based on estimating the total life years gained from a particular procedure and subsequently weighting each year to reflect the quality of life in that particular year. The Rosser Index is used to compare outcomes of different programs. By combining the Rosser Index and QALY, the cost per QALY gained can be calculated. This method claims to be superior in a health care setting as it helps to compare different health programmes with unit quality of life, hence it is helpful for making decisions when allocating health resources (11) .
The benefit-cost analysis (BCA) is a much more comprehensive evaluation. This allows costs for multiple outcomes to be evaluated. Both input (economic cost) and output (economic benefit) are expressed in monetary terms. A positive "net benefit" (total economic benefit minus total economic cost) and "benefit-cost ratio" (total economic benefit/total economic cost), greater than one, provides strong evidence for the worthiness of a programme.
As mentioned previously, several limitations can be identified in economic evaluations of telemedicine although some economic analyses suggests that teleradiology, especially transmission of CT images, can be cost-saving (6) . Most economic evaluations are focused on program cost analysis. The number of benefit-cost analysis studies is still limited (12) . As is common with economic evaluations, proper RCT evidence is still lacking for telehealth. Even with the existing studies, lack of generalisability arises (13, 14) . Additionally, the quality of data available for appropriate measures within economic evaluations is often limited (15) . Heterogeneity of trials (13) , statistical limitations due to small sample size and limited, longterm RCT trials (12) , exacerbate the situation. A need for uniform methodology or guidelines to conduct standardized economic evaluation in telemedicine has been identified (8) .
Telehealth activities in Sri Lanka
Telehealth is not yet in common practice in Sri Lanka (16) . Following is a brief overview of different telehealth activities in Sri Lanka. Telehealth activities will be presented by grouping them into main four categories namely, international organisations, government sector, private sector and identifiable groups/activists. There is a place for education of telehealth as well as the use of e-Learning modality in telehealth in Sri Lanka. In 1998, a pilot study on the use of telecommunications in disaster and emergency situations in Sri Lanka was conducted by the Telecommunications Regulatory Commission of Sri Lanka, in association with the United Nations Office for the Coordination of Humanitarian Affairs, the Working Group on Emergency Telecommunications and ICO Global Communications. The study surveyed the background information on emergency telecommunications in Sri Lanka, including identification of some of the problems and constraints in the current environment. The organisational structure and the equipment/personnel available have also been explored, thus providing institutional, regulatory, technical and financial recommendations for the improvement of emergency telecommunications capabilities in Sri Lanka (17) .
Contribution of international organisations
A project was implemented between Sri Lanka and Singapore in 1999, using a combination of video, sound and externally-acquired images through networking and satellite interconnectivity. This project expected to provide instant diagnosis to patients located in any part of the world and used satellite facilities to link-up Sri Lanka and Singapore (18) . In 2001, WHO initiated a feasibility study in partnership with The Norwegian Centre for Telemedicine to examine the potential use of telemedicine in addressing problems in the healthcare sector in Sri Lanka (19) . In November 2003, a pilot e-health project involving eight hospitals in five districts (19) and funded by the WHO, in collaboration with The Ministry of Health, began. This low cost, store-and-forward telemedicine system envisioned connecting doctors in remote hospitals with specialists for consultation. Also in 2003, the WHO initiated a phase-based pilot programme to create a national telemedicine system which focused upon wireless communication technologies in Telehealth (21) . "The Report of Assessment and Situation Analysis in selected Hospitals in Sri Lanka", published in 2005 by The Norwegian Centre for Telemedicine with the WHO Regional Office in Colombo, recommended an "e-Health Emergency Hospital" project. The objectives of the project were to improve the capacity for recording and reporting, the capacity of communication via Internet, email as well as access to specialist advice in the case of emergency (22) .
In 2004/5 a number of medical students from developed countries visited Sri Lanka as a part of U21 project on e-health in the developing countries. The project envisioned the support of local doctors by providing specialist advice and the help of intern medical students. The U21 e-health project was established by the U21 University consortium. The aim was to provide a framework for exploring research collaboration opportunities, the exchange of information and the sharing of resources. Another goal was to identify different methods of using e-health and e-learning to enable health-care delivery challenges to be met globally. In this regard, a pilot study was undertaken which was supported by the provision of information technology and student involvement (23) .
The International Society for Telemedicine (ISfT) also set up a project to provide appropriate medical expertise for the victims of the tsunami and to optimise long term medical care in the affected areas. The applications used were teleconsultation via email, video-conferencing, linking to worldwide expert telemedicine networks and creating a network in Sri Lanka (24) .
Several internationally collaborated telemedicine research projects have been conducted in Sri Lanka. For instance, the International Collaborative Research Project funded by the Saga University was one such project. This project was implemented between Sri Lanka and Singapore in 1999. The project examined the feasibility of real-time specialist consultation from overseas to Sri Lanka using a combination of video, sound and externally-acquired images through networking and satellite interconnectivity. It was expected to provide instant diagnosis to patients located in any part of the world and used satellite facilities to link between Sri Lanka and Singapore (25) .
In 2001, a three-day course on Basic Surgical Skills and Specialist Registrar Skills in General Surgery conducted by The Royal College of Surgeons of England was delivered by distance education. It aimed to examine the feasibility of using alternative methods of providing medical education. Each participating centre received one copy of the video for teaching purposes and one copy of the handbook in both print and CD-ROM format, which could be duplicated locally for trainees within the terms of an agreement that was signed by the centre and the college of surgeons (26) .
In the aftermath of the tsunami, various groups became interested in telemedicine activities. Disaster Management System: Sahana is one such group (27) . Sahana is a free and open source disaster management system developed as a collaboration tool aiming to address common coordination problems during a disaster such as finding missing people, managing aid, managing volunteers, and tracking camps. The project has now grown to global level with deployments in many other disasters such as the Asian Quake in Pakistan (in 2005), the Southern Leyte Mudslide Disaster in the Philippines (in 2006) and the Yogyakarta Earthquake in Indonesia (in 2006).
Contribution by the government sector
The Ministry of Health, Sri Lanka is responsible for healthcare delivery in the country. The government has paid significant attention to promote ICT in general and the use of ICT in healthcare. The e-Sri Lanka initiative was commendable in this regard (28) .
One important role of the government is to provide infrastructure such as the provision o f telephone and other ICT facilities to the hospitals. Additionally, the National Hospital has a paging network in the Colombo area for its doctors to be contacted in emergencies. Apart from that, in all the government hospitals in Colombo, the telephone network is enhanced with Private Automated Branch Exchange (PABX) linking that allows a single access number to offer multiple lines to outside callers while providing a range of external lines to internal callers or staff (29) . Although telehealth is not a established form of health care delivery for the government sector in Sri Lanka, the Sri Lankan government has been instrumental in facilitating a number of e-health projects initiated by national and international partners and organisations.
Contribution by the private sector
Since the deregulation of the economy in the mid 1980s, the private sector has begun to play a vital role in the healthcare sector. The number of private hospitals is growing. There is a tendency for these hospitals to spread in semi urban and rural areas. The use of technology in private sector hospitals has been more prevalent compared to public hospitals. Private hospitals use telephone, email and the Internet for advertising, on call ambulance/mobile services, appointment booking, financial handling, hospital management, patient record keeping, patient information, processing pathology records and much more. The Colombo branch of the Apollo Hospital is a leading private hospital in introducing ICT into its delivery of health services in Sri Lanka. As a pioneer in telemedicine in India, the Apollo Hospital may provide a positive example in this direction (30) .
Telehealth use in General Practice (GP) in Sri Lanka
General practice in Sri Lanka is different to the UK general practice model in a number of ways (31) . Unlike the UK and some other countries, there is no necessity to have specific training or the equivalent RCGP qualifications to practice as an independent practitioner in Sri Lanka: it is enough have an M.B.B.S. qualification and full registration with the Sri Lanka Medical Council (SLMC). This often motivates junior doctors in Sri Lanka to practice as GPs after hours. On the other hand, the number of fully qualified consultant general practitioners is limited in Sri Lanka.
A survey recently conducted in Sri Lanka (32) to evaluate the state of telehealth in general practice found that the use of ICT in general (private) practice still remains low. The following section highlights the relevant study findings.
This cross-sectional descriptive study was conducted amongst general practitioners (GPs) in Sri Lanka from May 2008 to July 2008 using a semi structured questionnaire. The questionnaire was administered by a pre-intern medical officer to a cohort of 100 GPs which was located in a semi-urban area in Sri Lanka.
The following graph (Figure 3) shows the main responsibilities perceived by the GPs. Most GPs reported spending the majority of their time on patient management activities but also reported keeping health records and preparing/presenting health information. However, only a very small number (1%) of GPs used computers at the GP centre. On the other hand, telephones were widely used in General Practice (94%). While 49 percent of GPs used land lines, 48 percent used mobile phones. Use of personal digital assistants (PDAs), pagers and computers was limited to 1 percent each.
Although the use of land line phones was restricted generally to administrative purposes (70%), mobile phone use was expanded to answering patient queries as well as providing advice/information to patients. A substantial number of GPs used SMS for communicating with patients.
Contribution by active groups/individual activists
There are several institutions and organisations which are dedicated to the promotion of ehealth. One such organisation is the Health Informatics Society in Sri Lanka (HISSL). The HISSL was established in 1998 with the aim of promoting Health Informatics and fostering links between ICT professionals and Healthcare professionals (33) . Furthermore, there are several organisations which provide health information and consultation via web sites, free of charge. For example, the E-Health (www.Ehealth.lk) website provides information about available drugs in the Sri Lankan market and information about disease specific to Sri Lanka. Another web based health and medical information site is Laksuwa (www.laksuwa.com).
Telethelth teaching and e-Learning initiatives
Telehealth Teaching
With regard to the telehealth teaching, the Postgraduate Institute of Medicine of the University of Colombo (PGIM) has started a masters programme in BioMedical Informatics in which telehealth has been included (34) . This MSc. programme is not limited to medical doctors or nurses but equally welcome computer sciences as well as other biomedical science graduates. Therefore, the scope is broad in this MSc. The mode of delivery uses blended technologies (URL: http://www.msc-bmi-pgim.org/guest/outline.php).
eLearning activities
As a result of the government initiative to promote ICT, the need for telehealth recently has gained considerable attention among health care workers, especially in telehealth education. E-learning is also a growing area. Several universities have acquired the capability to provide multimedia informational services through their own internet sites. Mobile learning (mLearning) has also gained attention at the University of Colombo. In relation to e-learning, the contribution of the Distance Learning Centre (DLC) is noteworthy. This World Bank funded institution is set up to promote distance learning. It provides services to both the public and private sector with the opportunity for interaction with peers and experts across the globe on different themes. The centre puts significant emphasis on e-learning methods to provide education and professional development (35) . A recent survey revealed that there is a place for e-health in medical education in Sri Lanka (36) .
The way forward
Although the Sri Lankan government is promoting ICT in general, the use of ICT in health care practice is still limited. Although the government hospitals in Sri Lanka are slow to implement ICT practices, private hospitals are more adoptive. There have been a considerable number of "pilot" projects conducted in Sri Lanka on telehealth. Most have not reached full potential and usually projects are not continued once the initial funding is exhausted. One reason is the lack of convincing evidence of telehealth effectiveness compared with conventional methods. Although this is a global issue, Sri Lanka needs to show its evidences too. Academics, researchers as well as service providers need to work together when introducing telehealth projects and it is not too difficult to design projects which can evaluate evidences of telehealth effectiveness. The other reason is the lack of trained human resources. The emphasis placed by universities on eLearning will also have a positive effect. In this context, the introduction of a postgraduate course in Biomedical Informatics is one of a significant step taken by the PGIM in educating telehalth among healthcare professionals in Sri Lanka. Similarly, undergraduate programs as well as continuing professional education programmes could also be introduced to overcome this problem.
